Abstract. Horticulture is an important source of naturalized plants, but our knowledge about naturalization frequencies and potential patterns of naturalization in horticultural plants is limited. We analyzed a unique set of data derived from the detailed sales catalogs of the most important early Florida, USA, plant nursery (Royal Palm Nursery) to detect naturalization patterns of these horticultural plants in the state. Of the 1903 nonnative species sold by the nursery, 15% naturalized. The probability of plants becoming naturalized increases significantly with the number of years the plants were marketed. Plants that became invasive and naturalized were sold for an average of 19.6 and 14.8 years, respectively, compared to 6.8 years for non-naturalized plants, and the naturalization of plants sold for 30 years or more is 70%. Unexpectedly, plants that were sold earlier were less likely to naturalize than those sold later. The nursery's inexperience, which caused them to grow and market many plants unsuited to Florida during their early period, may account for this pattern. Plants with pantropical distributions and those native to both Africa and Asia were more likely to naturalize (42%), than were plants native to other smaller regions, suggesting that plants with large native ranges were more likely to naturalize. Naturalization percentages also differed according to plant life form, with the most naturalization occurring in aquatic herbs (36.8%) and vines (30.8%). Plants belonging to the families Araceae, Apocynaceae, Convolvulaceae, Moraceae, Oleaceae, and Verbenaceae had higher than expected naturalization. Information theoretic model selection indicated that the number of years a plant was sold, alone or together with the first year a plant was sold, was the strongest predictor of naturalization. Because continued importation and marketing of nonnative horticultural plants will lead to additional plant naturalization and invasion, a comprehensive approach to address this problem, including research to identify and select noninvasive forms and types of horticultural plants is urgently needed.
INTRODUCTION
Nonindigenous plants are a major component of biotic invasions world wide that pose a serious threat to biodiversity and ecosystem function, and have incurred tremendous economic costs to society (U.S. Congress 1993 , Pimentel et al. 2000 . Horticultural introduction of plants, a practice of great social and economic value, is an important source of plant naturalization and invasion (Mack 1991 , Reichard and Hamilton 1997 , Mack and Lonsdale 2001 , Reichard and White 2001 , Mack and Erneberg 2002 , Kowarik 2005 . To reconcile the conflicting social needs of continued use of nonnative plants and international plant commerce, and to reduce ecological impacts and costs due to invasive horticultural plants, it is highly desirable to develop means to predict which species and what types of plants will become naturalized and invasive. Strikingly, until recently, little was known about naturalization frequencies and patterns in horticultural plants.
The earliest attempts to characterize plant naturalizations can be traced back to Darwin (1859) . Another pioneer on the topic was Baker (1965) , who developed a list of characters of an ''ideal weed.'' However, it was not until a decade or so ago that studies began to employ quantitative methods to examine plant invasion patterns (Crawley et al. 1996 , Williamson and Fitter 1996 , Daehler 1998 , Pysˇek 1998 . There is an increasing recognition of the importance of vigorous quantitative analyses in the predictive studies of biological invasions (Kolar and Lodge 2001, Lodge et al. 2006) . Relatively large numbers of quantitative analyses of biological characteristics of invasive species have been carried out in the last two decades (Kolar and Lodge 2001, Pysˇek and Richardson 2007) . Biological characters that emerge as consistent significant predictor for naturalization or invasion are few (Pysˇek and Richardson 2007) .
Although certain social factors, especially humanmediated propagule pressure, are recognized as being influential in biological invasion (Mack 1991 , Mack and Lonsdale 2001 , McNeely 2001 , 2006 , Reichard and White 2001 , Mack and Erneberg 2002 , Lockwood et al. 2005 , quantitative analyses on the role of humanmediated propagule pressure are of small numbers and most appeared within the last five years. These studies have consistently found human-mediated progagule pressure to be an important factor explaining, and therefore predicting, establishment and/or naturalization of intentionally introduced alien species (Lockwood et al. 2005) . For example, the establishment and naturalization of intentionally introduced alien fish (Marchetti et al. 2004 , Semmens et al. 2004 , Duggan 2006 and birds (Cassey et al. 2004a, b) have shown to be influenced by human-mediated propagule pressure.
A few studies on horticultural plant naturalization in Australia, the United Kingdom, and central Europe found that propagule pressure in the form of the initial introduction date (plants of early introduction are more likely to naturalize than those of late introductions; Mulvaney 1991 , Krˇiva´nek et al. 2005 , number of plantings (Mulvaney 1991 , Krˇiva´nek et al. 2005 , market frequency, i.e., sold by the number of nurseries (DehnenSchmutz et al. 2007a, b) , and market price (DehnenSchmutz et al. 2007b) , were all significant factors. Because of the large current and projected future contributions of horticultural plants to the alien floras of the world (Mack and Lonsdale 2001 , Reichard and White 2001 , Kowarik 2005 , more rigorous analyses of horticultural plant naturalization patterns are needed. This will refine our understanding of horticultural plant naturalization patterns and hopefully will lead to effective horticultural plant risk assessment programs for different regions, both for screening new plant introductions, and for plants already introduced (Kowarik 2005) .
In this study, we analyzed a unique set of data derived from the detailed sales catalogs of the most important early Florida plant nursery (Royal Palm Nursery) to detect naturalization patterns of these horticultural plants in the state. One-third of Florida's flora is nonnative (calculated from Wunderlin and Hansen 2004) , and 46 of 60 (76%) of the most invasive plants are of horticultural origin (calculated from Langeland and Craddock Burks 1998) . Florida ranks second among U.S. states (after Hawaii) in the degree of ecosystem devastation as a result of invasive alien species (Schmitz and Brown 1994, Gordon and Thomas 1997) . We used various statistical analyses to examine the horticultural plant naturalization patterns in relation to taxonomy, life form, geographic origin, whether or not a plant is a congener of a native plant, the first year sold, and marketing period. The first year sold is a surrogate for residence time. Both residence time and marketing period relate to human-mediated propagule pressure. Presumably, the earlier time sold and longer marketing period, the greater the propagule pressure would be. We then used information theoretic model selection (Burnham and Anderson 2002) to determine the relative importance of these factors as predictors of naturalization.
MATERIALS AND METHODS
The Royal Palm Nurseries was founded in 1883 in Manatee County in southwestern Florida, USA, by the Reasoner Brothers. Their sales catalogs described the nursery as ''the Southernmost Nurseries in the United States.'' It was uniquely situated in a relatively frost-free area, which allowed a diverse array of subtropical and tropical plants to be grown outdoors. While the Royal Palm Nursery was not the first nursery in the state, it was the most prominent in Florida at the time (Pinardi 1980) . It is relevant to know that most of Florida is relatively recently settled and that it did not become a state of the United States until 1845. Miami, for instance, was not officially incorporated as a city (with a population of just over 300) until 1896. The nursery was described as a portal through which many nonnative horticultural plants were first introduced to Florida (Stoutamire 1926). The nursery owners, the Reasoner Brothers, were celebrated horticulturists with articles published in Bailey's Encyclopedia of American Horticulture (Pinardi 1980) . They focused their plant acquisition and introductions to Florida on exotic and rare tropical species (Pinardi 1980) . Unfortunately, some of the most invasive plants in Florida, e.g., Melaleuca quinquenvervia, Schinus terebinthifolia, and Casurina spp., were also among the plants first introduced to Florida by the nursery (Dray et al. 2006 ).
Nursery plant database construction
The data we analyzed were taken from the Royal Palm Nurseries' sales catalogs, which span the years from 1887 to 1930. Thirty-two of the 43 years within this range were accounted for with the annual or biannual catalogs (Fig. 1) . Plant names were verified using multiple references (see Appendix A), e.g., Bailey's Hortus Third (Bailey Hortorium staff 1976) , Index Kewensis (Royal Botanic Garden 1993), and The International Plant Name Index (available online).
4
Synonyms, varieties, hybrids, and subspecies sold were deleted from our nursery catalog database, along with plant names that were not verified (total 211 plants). Therefore, names for 2102 of 2313 (91%) species were verified. Of the 2102 species sold, 199 were native to the state of Florida and 1903 were nonnative, determined with Wunderlin and Hansen (2004) . Because many of these plants were sold more than 100 years ago, it was challenging to verify the species names to obtain currently accepted species, and we expect that some errors may be present, as well as some points of taxonomic disagreement in the verified names.
We matched the nursery database that we created to the plants in the Atlas of Florida Vascular Plants (Wunderlin and Hansen 2004) to determine which nonnative species sold by the Reasoner Brothers have naturalized in Florida. Wunderlin and Hansen (2004) recorded exotic plants found in Florida that grow and reproduce without human cultivation, but they did not distinguish the degree of species invasiveness, such as those defined by Richardson et al. (2000) and Pysˇek et al. (2004) . Therefore, ''naturalized'' species in our study include casual (alien plants that may flourish and even reproduce occasionally in an area, but which do not form self-replacing populations, and which rely on repeated introductions for their persistence), naturalized (alien species that reproduce consistently and sustain populations over many life cycles without direct intervention by humans), and invasive species (naturalized plants that produce reproductive offspring, often in very large numbers, at considerable distance from parent plants) (Richardson et al. 2000 , Pysˇek et al. 2004 . We determined whether a naturalized plant was invasive with the Florida Exotic Pest Plant Council's (FLEPPC) 2005 list of Category I invasive plant species (available online).
5 FLEPPC defines invasive exotics as those ''that are altering native plant communities by displacing native species, changing community structures or ecological functions, or hybridizing with natives.'' This definition of invasive species relies on the documented ecological damage caused, and is thus narrower in scope than that used by Richardson et al. (2000) and Pysˇek et al. (2004) .
We developed the following variables including biological characteristics (plant family, whether the plant is congeneric with a Florida species, geographic origin, and life form), and the human-mediated propagule pressure (marketing period and the first year sold). These characteristics have been shown to influence or have been suggested to influence naturalization (Darwin 1859 , Mulvaney 1991 , Daehler and Strong 1993 , Rejma´nek 1996 , Daehler 1998 , Pysˇek 1998 , Duncan and Williams 2002 , Mack 2003 . We recognize that specific biological characteristics, such as breeding systems, pollination, and dispersal syndromes, might also influence naturalization, but finding and/or developing this kind of information for the many species in our database was beyond the scope of the present study.
Plant family
The family names used in our database are based on Wunderlin and Hansen (2004) . For plant genera not in Wunderlin and Hansen, Mabberley (1997) was used to obtain family names. We grouped the Asphodeliaceae, Alliaceae, Hyacinthaceae, and Convallariaceae together with the traditional Liliaceae. The 1903 nonnative plants included in the database belong to 173 families. In the statistical analyses that examined taxonomic status (family) as a predictor of naturalization, however, we included 30 of the 173 families (total of 1303 species), using only families that had 15 or more species sold (Appendix B: Table B1 ).
Plant life form
Categories of life forms were developed and assigned for the catalogue species using Mabberley (1997) Bailey's Hortus Third (Bailey Hortorium staff 1976) . The life forms and the numbers of plants in each category are as follows: (1) vine (woody and herbaceous, 78 species), (2) fern and fern ally (75 species), (3) grass and grass-like plants (Poaceae, Cyperaceae, and Juncaceae, 41 species), (4) herbaceous (320 species), (5) palm (139 species), (6) shrub (476 species) and (7) tree (521 species), (8) succulent (208 species), (9) cycad (8 species), and (10) aquatic herbs (19 species). Some species did not easily fit the categories so have somewhat arbitrary placements. For example, shrubs that can be leaning and somewhat vine-like were placed in the shrub category. We combined tree and shrub into one category for statistical analyses because many species could be trees or shrubs, and the naturalization proportions of trees and shrubs were not statistically different. Overall, we were able to ascribe life form to 1885 or 99% of the species.
Native congener or not
This is a binary variable describing whether or not a species sold by the nursery is a congener of a Florida's native species because this affinity might influence naturalization.
Geographic origin
Index Kewensis was the primary source for the native geographic range for the plants. For plants where the index did not delineate the native area, we used The Plant Book (Mabberley 1997 ) and Bailey's Hortus Third (Bailey Hortorium staff 1976) to help determine the native area. Plants of the Cape Flora (Bond and Goldblatt 1984) was used to distinguish true Cape Kingdom species from tropical African species found in Austral Africa. The Encyclopaedia of Ferns (Jones 1987) was used to determine nativity of many ferns, because the Index Kewensis does not include ferns. Overall, we were able to ascribe the native geographic area of 1868 of the 1903 (98%) nonnative plant species sold. These references enabled us to assign the plants to 14 phytogeographic regions: Neotropic (611 species), Paleotropic (52 species), Paleotropic Africa (184 species), Paleotropic Asia (403 species), Paleotropic Australia (16 species), Cosmotropic (24 species), Nearctic (North America, 79 species), Paleoarctic (20 species), Paleoarctic Europe (54 species), Paleoarctic Asia (205 species), Cape Africa (39 species), Southern Temperate (11 species), Australia (165 species), Holarctic (5 species). A Paleotropic species is native to both Paleotropic Asia and Paleotropic Africa. Similarly, a Paleoarctic species is native to both Paleoarctic Europe and Paleoarctic Asia. Southern Temperate and Holarctic species were excluded from statistical analyses because of their small numbers.
Human-mediated propagule pressure
We calculated the number of years a plant species was marketed by summing up the number of years the species appeared in the annual or biannual catalogues. In addition, we recorded the first year a species was sold.
Statistical analyses
To examine the influence of marketing period (human-mediated propagule pressure) on plant naturalization and invasiveness, we carried out logistic regressions using the number of years plants were sold as the predictor. We calculated the Hosmer and Lemeshow's R 2 , a proxy of R 2 in linear model (Hosmer and Lemeshow 1989 ) of the logistic model. In addition, we compared the mean number of years sold of nursery plants that were not naturalized, naturalized, and invasive using one-way ANOVA. We used GamesHowell post hoc tests to take uneven sample sizes and unequal variances into consideration (Field 2004) . To explore the effect of the time a species was first sold by the nursery on plant naturalization (a surrogate of residence time), we carried out logistic regression using first year sold, with or without marketing time, as a predictor of species naturalization. The nursery introduced a large number of species that were not suitable to Florida's climate in its early years, and many of those were only sold for a couple of years ( Fig. 1) . To examine the possibility that the unexpected effects of the first year sold on plant naturalization (see Results) were due to the nursery's inexperience early on by introducing large number of arid plants that were poor matches to the Florida climate, we excluded arid families of Cactaceae and Agavaceae, and genera Acacia and Eucalyptus (a total of 321 species) and repeated the logistic regression using first available year and marketing length as predictors.
We used Pearson v 2 tests to examine the associations of each of the categorical variables, i.e., life form, geographic origin, plant family, and Florida native congener or not with naturalization. The expected naturalization frequencies varied slightly (13.6-15%) depending on which plants and the numbers of plants included for each test. We reported Cramer's V as a measure of the effect size of each of the omnibus chisquare tests. Cramer's V ranges between 0 and 1, with 0 indicating no deviation from the expected frequency, and 1 indicating the most deviation possible from the expected frequency (Green et al. 2000) . Pairwise comparisons were not pursued. Instead, we used adjusted standardized residual (SPSS 1999), derived from each of the omnibus v 2 tests, to access the degree of deviation of the observed naturalization frequency of each group from the expected frequency. The adjusted residual was calculated by dividing the difference between the observed count and expected count, with an estimate of the residual's standard error normalized to have variance of 1 (SPSS 1999). The deviation was considered to be large if the adjusted residual was below À2 or above þ2.
Similar v 2 tests were also carried out on the naturalized taxa (N ¼ 283) to examine the associations of life form, geographic origin, and Florida native congener or not with plants' likelihood of becoming invasive. Association with plant family was not examined because most families have fewer than five species naturalized and even fewer became invasive. All statistical tests were carried out using SPSS 13.0 (SPSS 2005) .
Finally, we used the information theoretic model selection approach (Burnham and Anderson 2002) to evaluate a set of a priori logistic regression models to determine the relative importance of the various predictors for plant naturalization. We derived a set of eight (for data set 1) and seven (set 2) binary logistic models, respectively, using only the biological features as predictors (life form, family, native geographic area, and whether or not a species a congener of Florida native plants) separately or together (five or four models), only the marketing time predictors (the number of years a species was sold and the first year a species was sold) separately or together (two models), and a global model which included all biological and the marketing time predictors (Table 1) . We also tested the interaction effects between the biological predictors and the marketing time in the global model. We applied these models to two overlapping subsets of data.
The reason that we applied the information theoretic model selection to the two overlapping subsets of data is that many families have only a few members, which makes them unsuited for a robust analysis with family as a categorical predictor (as in data set 1). Therefore, plant species belonging to families with ,15 species sold (a total of 600 species or 32% of the total) were excluded from the analysis including family as a predictor. In the second set of data, we did not use plant family as a predictor in the model selection, which allowed us to include almost all plants sold (a total of 1826 species), leaving out only species with missing values for either life form or geographic origin (77 species).
We used quasi-likelihood information criterion (QAIC), instead of Akaike's information criterion (AIC) to calculate model selection related parameters, i.e., Di and Akaike weights, because both sets of data presented evidence of over dispersion (Burnham and Anderson 2002) . We calculated the Hosmer and Lemeshow's R 2 of the selected models. We also calculated the model accuracy against the observed naturalization of the data.
RESULTS
The number of years plants were sold was a significant predictor of plant naturalization (N ¼ 1903, Wald ¼ 207.97, df ¼ 1, P , 0.001). Specifically, the probability of naturalization and the actual proportion of plant naturalization increase as the marketing time increases (Fig. 2A) . The Hosmer and Lemeshow's R 2 was 0.157 for the logistic model using only the marketing period as predictor for plant naturalization. The number of years sold was a poorer but still significant predictor of whether or not naturalized plants became invasive species (N ¼ 277, Wald ¼ 5.55, df ¼ 1, P ¼ 0.018; Fig.  2B ). The Hosmer and Lemeshow's R 2 was 0.026 for the logistic model using only the marketing period as predictor for naturalized plants that became invasive. In addition, the mean number of years sold for nursery plants that did not naturalize, naturalized, and those that became invasive were significantly different (MS ¼ Note: Cases in boldface indicate the best model. In Set 1, the global model includes the following variables as predictors: life form, family, geographic origin, whether or not a plant was a Florida native congener, the number of years a plant was sold, and the first year a plant was sold. This set contains fewer plants because only families with 15 or more plants sold were included. All but the number of years and the first year a plant was sold were categorical variables.
à Same as the global model, but excludes the number of years and the first year a plant was sold. § In Set 2, the global model excludes family as a predictor to increase the number of plants analyzed.
9434.0, F 2,1900 ¼ 160.1, P , 0.001; Fig. 2C ), with invasive weeds having the longest marketing time and the non-naturalized plants the shortest. We found that the first year sold, by itself, was not a significant predictor on whether or not a plant naturalized (Wald ¼ 0.843, df ¼ 1, P ¼ 0.358), but it became a significant predictor (Wald ¼ 9.05, df ¼ 1, P ¼ 0.003) after inclusion of the marketing period as a covariate (Wald ¼ 204.238, df ¼ 1, P , 0.001) in the logistic regression. Surprisingly, however, plants that were first marketed later were more likely to naturalize than those that were first sold early. The Hosmer and Lemeshow's R 2 was 0.164 for the logistic model using both the marketing period and first year sold as predictors for plant naturalization. However, after exclusion of arid families and genera that mostly occupy drier habitats, Cactaceae and Agavaceae, and genera Acacia and Eucalyptus (a total of 321 spp.), the effects of first year sold was greatly reduced to a nonsignificant level (Wald ¼ 2.548, df ¼ 1, P ¼ 0.110), while the effects of marketing period was still highly significant (Wald ¼ 144.783, df ¼ 1, P , 0.001). The first year sold was not a significant predictor of whether or not naturalized plants became invasive (Wald ¼ 1.69, df ¼ 1, P ¼ 0.194).
The association of plant life form and naturalization was significant (Pearson v 2 ¼ 42.69, df ¼ 8, P , 0.001, Cramer's V ¼ 0.15). Specifically, palms and succulents had significantly lower naturalization frequencies than expected, while aquatic plants and vines had significantly higher naturalization frequencies than the expected 15% (Fig. 3A, Appendix B: Table B2 ). The association of plant life form and whether or not plants became invasive was not significant (v 2 ¼ 10.467, df ¼ 8,
Similarly, the association of native geographic region and naturalization was also significant (v 2 ¼ 73.12, df ¼ 13, P , 0.001, Cramer's V ¼ 0.20). Specifically, plants native to African Cape, Nearctic (North America), and Australia had significantly lower naturalization frequencies (2.6-7.9%) than expected, while plants native to the Paleoarctic Asia, Cosmotropic, and the Paleotropic had significantly higher naturalization frequencies (19.9-42.3%) than expected (Fig. 3B, The Orchidaceae, Arecaeae, and Cactaceae had significantly lower (5.0-6.8%) than the expected naturalization, while those in the Apocynaceae, Convolvulaceae, Euphorbiaceae, Moraceae, Oleaceae, and Verbenaceae (31-50%) were significantly higher (Fig. 3C , Appendix B: Table B4 ).
In contrast, plant naturalization and whether or not plants become invasive were not significantly associated with whether or not a plant was a congener of Florida native plants ( respectively) . Both congeners and non-congeners had naturalization frequencies close to the expected (14.5% and 15%, respectively); and 10.5% of the naturalized congeners, and 14.9% of the naturalized non-congeners, became invasive.
The information theoretic model selection indicated that the model using the marketing period (the number of years a plant was sold), either as the sole predictor or in conjunction with the first year a plant was sold, was by far the best model for plant naturalization, as indicated by the large Akaike weights associated with the model in both sets of data (Table 1 ). In data set 1, the Hosmer and Lemeshow's R 2 was 0.175 using only the number of year sold as predictor, and 0.189 using both the years sold and first year sold. The accuracy of the models was 78.5% (years sold alone) and 75.8% (years sold and first year sold), respectively. The model correctly predicted 61.1% (years sold alone) and 63.8% (years sold and first year sold) of the 185 naturalized species, and 81.4% (years sold alone) and 77.8% (years sold and first year sold), of the 1118 non-naturalized species. In data set 2, the Hosmer and Lemeshow's R 2 was 0.154 using only the number of year sold as predictor, and 0.162 using both the years sold and first year sold. The overall accuracy of the models was 77.1% (years sold alone) and 74.4% (years sold and first year sold), respectively. The model predicted corrected 59.1% (years sold alone) and 61.2% (years sold and first year sold) of the 276 naturalized species, and 80.3% (years sold alone) and 76.7% (years sold and first year sold) of the 1550 non-naturalized species.
No interactions between the biological characters and marketing time were significant except for the interaction between plant life form and marketing time (Wald ¼ 15.76, df ¼ 6, P ¼ 0.015 for data set 1; Wald ¼ 21.47, df ¼ 7, P ¼ 0.003 for data set 2). Nevertheless, the trend that species with longer marketing periods were more likely to naturalize held for all categories of the life forms. The interaction between marketing time and life form was due to variations of the intensity of this trend. We performed the AIC value calculations with interaction of life form and marketing time included in the global model and obtained similar model selection results.
DISCUSSION

Taxonomic patterns
In their global quantitative analyses of taxonomic patterns of invasive plants, both Daehler (1998) and Pysˇek (1998) found that the families with the highest naturalization proportions were the Fabaceae, Poaceae, and Asteraceae. We also found that grasses and plants in the graminoid life form naturalized at a higher than average proportion, but not significantly so. Asters were not included in our family analysis because only 11 species were sold, but 27% of these naturalized. In contrast to the Daehler and Pysˇek findings, plants in the Fabaceae in our study naturalized at close to the expected proportion (11.6% vs. 13.6% expected). Except for the Convolvulaceae, the families with the highest naturalization in our study (Araceae, Apocynaceae, Moraceae, Oleaceae, Euphorbiaceae, and Verbenaceae)
were not identified as highly invasive families by Daehler and Pysˇek, but Pysˇek did classify the Euphorbiaceae and the Verbenaceae as invasive families.
Among our lowest naturalizing families, the palms and orchids have also been recognized by other studies to have low naturalization. Daehler (1998) found no naturalization of orchids in his analyses of natural area invaders and of agricultural weeds. Pysˇek (1998) found that the orchid family was the most underrepresented family in the alien floras. Daehler (1998) attributed this low naturalization to the requirement for specialized pollinators and mycorrhizae, and prolonged juvenile stage. Similarly, Pysˇek (1998) found palms to be an underrepresented family in alien floras, and the family was absent from Daehler's (1998) list of natural area invaders.
Life form patterns
Taxonomic affinity and life forms often intertwine. Vines were found to naturalize significantly more than expected (32.5%), largely due to the influence of plants of Convolvulaceae (50% naturalized), which constituted 20% of the vine species sold. When the Convolvulaceae (all of which are vines) was excluded in the v 2 test, vines still had higher naturalization frequency than expected, but the deviation as measured by adjusted residuals was much smaller (4.4 with Convolvulaceae vs. 1.3 without). Similarly, succulents still had lower than expected naturalization (8.7%) when the Cactaceae (6.8% naturalization), which contained many of the succulents was excluded, but the deviation as measured by the absolute value of adjusted residual was also smaller (À2.7 vs. À1.1).
The higher naturalization of vines and aquatic plants is consistent with another study on taxonomic patterns of natural area weeds (Daehler 1998) . However, climbing plants were less likely to escape cultivation in Britain (Dehnen-Schmutz et al. 2007a ). The significantly low naturalization (8.7%) for the succulent plant life form was due primarily to low naturalization (6.8-8.0%) of two member families (Cactaceae with 117 species and the Agavaceae with 70 species), which comprised 90% of the succulents sold. The succulent life form was not examined separately by either Daehler or Pysˇek, but neither found the Cactaceae to be under-or overrepresented in invasive floras. Both our results and their results are interesting in light of the many well-known invasive cacti (Moran and Zimmermann 1984) .
Influence of being congeneric with Florida native species
Our finding that congeners and non-congeners naturalized at the expected proportions does not support Darwin's hypothesis (1859) that native congeners have lower naturalization than plants that belong to nonnative genera. Darwin thought that native congeners would encounter greater biotic resistance in establishment than species without close relatives in the region. While this hypothesis has found some support (Rejma´-nek 1996) , it was challenged by others (Daehler 2001 , Duncan and Williams 2002 , Lambdon and Hulme 2006 , Dehnen-Schmutz et al. 2007a .
Influence of native geographic range
Our finding that plants with Cosmotropical and Paleotropical origins had higher naturalization than the other smaller geographic regions supports the notion that plants with larger native ranges are more likely to naturalize than plants with smaller native ranges (Daehler and Strong 1993 , Rejma´nek 1996 , DehnenSchmutz et al. 2007a . The significantly lower naturalization of plants native to African Cape region is probably due to the poor performance of these Mediterranean-type plants in Florida's humid subtropical climate. It is unclear why Nearctic region (North America) plants had a significantly lower than expected naturalization. Florida is in the transition zone between the Nearctic and Neotropical regions, so is climatically different from most of the Nearctic region. This climatic difference may explain why fewer than expected Nearctic plants naturalized. Plants from the Australian phytogeographic region also had significantly lower than expected naturalization frequencies (7.9%), which is not what the high impact of Australian invasive plants in Florida, i.e., Melaleuca quinquenervia (Cav.) S.T. Blake, Lygodium microphyllum (Cav.) R. Br., and Australian pines (Casuarina spp.) would lead one to assume. However, plants from the Paletropical Australian region, which is the source of these invaders, naturalized at the expected proportion (18.8% vs. 15%).
Human-mediated propagule pressure
In this study we show that the marketing period (number of years a plant was sold) has profound influence on horticultural plant naturalization. This is consistent with several studies on horticultural plant naturalization patterns. A strong correlation was found between the amount of planting and the probability that woody ornamental plants became naturalized in southeastern Australia (Mulvaney 1991) . In Britain, market frequencies, measured as the frequencies of listing on the 19th century and modern nursery catalogues, were good explanatory variables that distinguished escaping from nonescaping species (Dehnen-Schmutz et al. 2007a, b) . Dehnen-Schmutz et al. (2007b) also found that species with lower market prices, presumably more available and more likely be purchased, were more likely to escape cultivation. In the Czech Republic, introduced trees that were planted in more administrative areas were more likely to escape and naturalize than those that were planted in fewer areas (Krˇiva´nek et al. 2005) . In addition, human-mediated propagule pressure is also found to be important in the naturalization of fish (Marchetti et al. 2004 , Semmens 2004 , Duggan et al. 2006 and birds (Cassey et al. 2004a, b) , largely components of the pet trade. Marchetti et al. (2004) found that the number of introductions played a significant (but not overwhelming) role in establishment and spread of nonindigenous fishes in California. Duggan et al. (2006) measured the frequency of occurrence of fish species in aquarium shops, and found that it was positively correlated with likelihood of fish introduction and establishment in Canada and the United States.
We also found that, after we factored in the variation in the number of years sold, the first year a plant was sold influenced the likelihood of it becoming naturalized. Specifically, the later a plant was first introduced, the more likely that it naturalized. This pattern contradicted what was found in southeastern Australia and in the Czech Republic, where plants introduced early were more likely to naturalize (Mulvaney 1991 , Krˇiva´nek et al. 2005 ). In addition, this pattern also differed from positive effects of residence time, i.e., the time from first introduction to establishment or from establishment to becoming invasive, (Rejma´nek 2000 , Wu et al. 2003 , Rejma´nek et al. 2005a . We explored and confirmed that Royal Palm Nursery's marketing of many plants unsuitable for Florida's climate accounted for the unexpected pattern that earlier introductions naturalized less often than later introductions.
We found that the number of years sold was a weak predictor of which naturalized plants become serious invaders of natural habitats as it only explained ;3% of the total variation, but it was the only significant predictor. Human-mediated propagule pressure has been found to be either a weak factor or a nonsignificant factor for the later stages of the invasion process, such as from plants being of casual occurrence to becoming established (Cassey et al. 2004a , Krˇiva´nek et al. 2005 , Dehnen-Schmutz et al. 2007a . Nevertheless, the characteristics that make plants become horticultural mainstays probably, in part, also promote their invasiveness. These characteristics include rapid growth, early and high reproduction, climatic hardiness, and disease resistance (Anderson et al. 2006b ).
Results of the information theoretic model selection indicate that human-mediated propagule pressure can better explain the horticultural plant naturalization pattern in Florida than any of the biological characteristics, either separately or together. Nevertheless, the global model, i.e., the model that included all predictor variables, did generate results in which all the predictors that were significant when analyzed separately remained significant predictors. Since the global model used number of years sold (and first year sold) as covariates, these results indicate that the effects of the biological variables were still present when the effect of years sold (and first year sold) was accounted for. In addition, we found no significant interactions between the biological characters and marketing time except for the interaction between plant life form and marketing period. These results indicate that the effects of most biological characters on naturalization would be the same if the number of years sold was held constant. In addition, the interaction between marketing period and plant life form was due to variation in the intensity of the trend in which species with longer marketing time were more likely to naturalize than those with shorter marketing period.
The overall accuracy of the simple models using only market period as a predictor for whether or not a plant becomes naturalized (78%) are comparable to other wellknown weed risk assessments involving many biological traits. For example, Reichard and Hamilton (1997) used 14 biological characters to predict invasions of woody plants introduced into North America. The accuracy of their discriminant analysis model and classification and regression trees was 76-86.2%. The Australia Weed Risk Assessment (WRA), a scoring system based on 49 questions of the main attributes and impacts of weeds, obtained an accuracy of 71%, because 29% of the evaluated taxa fell in uncertain/reevaluate category (Pheloung et al. 1999) . When the modified Australia WRA was applied to six other geographic areas (New Zealand, Hawaii, Hawaii and Pacific Islands, Czech Republic, Bonin Islands, and Florida), it achieved an average of 80% overall accuracy (Gordon et al. 2008) . These weed risk assessment models have fairy high accuracy in predicting problematic species, i.e., 93% to 97% in Reichard and Hamilton (1997) and an average of 90% for Australia WRA (Gordon et al. 2008 ). However, these models, especially those generated by Reichard and Hamilton (1997) , suffered high percentages of failure in predicting non-invaders (30-55%). By comparison, the marketing period model developed in this study had a lower success percentage of predicting naturalized species (60%), but it had higher percentage of correctly classify non-naturalized species (81%).
Various plant introduction risk assessments based on biological and/or ecological characters, such as the ones implemented in Australia (Pheloung 1995) and New Zealand (Pheloung et al. 1999) , and proposed for woody plants in North America (Reichard and Hamilton 1997) and Hawaii (Daehler et al. 2004 , Gordon et al. 2008 , target plants prior to their introductions and are good starts to reduce naturalization and invasion proportions of alien plants. Nevertheless, our study supports the notion that, as long as plant introduction continues and nonnative plants are sold, so will plant naturalization and invasion (Kowarik 1995) . Therefore, developing risk assessment models for plants that are already in a region, as has been advocated (Kowarik 2005) , is of great importance. This need is more acute in places like Florida where plants appeared to have shorter lag time to naturalization than those reported for woody plants in Germany (Kowarik 1995) . Moreover, our study indicates the most popular plants, the horticultural mainstays, have the greatest risk of naturalization. A number of solutions have been suggested. Governments could instigate a plant introduction tax to limit the number of nurseries and compensate for social costs due to horticultural plant invasion (Barbier and Knowler 2006) . Although the horticultural mainstays pose the greatest risk, neither the demand nor economic importance of these plants is likely to diminish. Applying risk assessments on the most important nonnative horticultural plants could identify and prioritize the species most in need of research. Voluntary codes of conduct can be developed and used by the horticultural industry and organizations to address and limit naturalization and invasion of horticultural plants (Reichard 2004) . Research to develop noninvasive forms or less invasive alternatives is critical. Identification of plant characteristics that may limit invasiveness of horticultural plants has begun (Anderson et al. 2006a, b) . A greater use of native plants could also offer a partial solution. A recent Brooklyn Botanical Gardens guide (Burrell et al. 2006) provides native horticultural alternatives to invasive plants in temperate North America. Clearly, a more comprehensive approach to minimize the risk due to the use of nonnative horticultural plants is urgently needed.
